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Field of the Invention 

The present invention relates to a method of, and apparatus for, forming an article 
from at least one shape defining fluid impermeable interior member and at least one 
external skin. The present invention also relates to an article produced inaccordance 
5 with the method or by the apparatus. 

Back ground of the Invention 

It is known to produce structurally strong articles having load bearing capabilities by 
encapsulating inherently weak materials, such as expanded polystyrene (EPS), with 
1 0 one or more layers of a thermoplastic sheet material, such as APET (amorphous 
polyethylene terphalate) using the ARMACEL (Trade Mark) process. 

The process is described in the applicant's International Patent Application 
No. PCT/AU95/00100 entitled: "A Method and Apparatus for Forming Structural 
1 5 Articles" (WO 95/23682) and International Patent Application No. PCT/AU96/00541 
entitled: "Layered Structural Article" (WO 97/09166), the relevant disclosure of each 
being incorporated herein by cross-reference. Both of these documents disclose 
numerous other material suitable for the blank and the plastics material. 

20 Such a process will now briefly be described with reference to Figs. 1 to 4. Fig. 1 
shows a block 20 of essentially air or fluid permeable material, such as EPS. The 
block 20 is placed above a base plate 22 which primarily functions to support the 
block 20 and has a series of small holes 24 therethrough. Overlying the block 20 is a 
sheet 26 of APET, the periphery of which is clamped by means of a clamp 28. The 

25 clamp 28 extends all the way around the periphery of the block 20 in order to provide 
an effective seal together with the base plate 22. 

The sheet 26 is heated by means of a heater (not shown but disclosed in uie 
abovementioned specifications) until it is at least soft or plastically deformable and is 
30 then moved relatively towards the block 20 while clamped by clamp 28. The relative 
movement is accomplished by either moving the clamp 28 downwardly in the 
direction of arrow A, or moving the base plate 22 and block 20 upwardly in the 
direction of arrow B, or both. The air or gas located between the sheet 26 and the 
base plate 22 is drawn through the block 20 and the sheet 26 is conformed to the 
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shape of the block 20. As the block 20 is fluid permeable, the air which is located 
between the sheet 26 and the block 20 is able to pass through the block 20 and out the 
holes 24 in the base plate 22, as indicated by arrows 30. 

5 The removal of the air can be brought about by applying a reduced pressure or 

vacuum to the holes 24, by applying a positive pressure to the upper side of the sheet 
26, or by both methods simultaneously. The pressure difference is applied for a ■ 
sufficient length of time for the sheet 26 to cool, or be cooled, and thereby adopt a 
final position which is conformed to the shape of the block 20 and which binds the 

10 sheet 26 and the block 20 together by the creation of tensional forces in all directions 
in the sheet 26. After the release of the clamp 28, edges 29 of the sheet 26 can be 
trimmed adjacent the periphery of the block 20. 

Fig. 2 shows the product of the above process after trimming and inversion. The sheet 
15 26 effectively renders the block 20 fluid impermeable. The coated side 32 is then 

provided with a series of apertures 34 to render it fluid permeable again. The process 
of Fig. 1 is then repeated, as shown in Fig. 3, and the air between upper sheet 36 and 
the block 20 passes through the fluid permeable block 20 and thereafter through the 
apertures 34 in the lower sheet, in similar fashion to that previously described. 

20 

Fig. 4 diagrammatically illustrates the situation that occurs if the above process is 
used in conjunction with a fluid impermeable block 38. In this case, when a sheet 37 
and the block 38 are brought together the air between the two is unable to pass 
through the block 38 as it is fluid impermeable and is trapped to form a bubble like 

25 space 39, preventing the sheet 37 from engaging the major surface 38a of the block 
38. The relative movement of the block 38 towards the sheet 37 can also create an air 
current which partially "balloons'* the sheet 37, which exacerbates the problem. This 
is a particular problem when the block has a large surface area or when the movement 
is performed quickly. A similar situation-occurs-when attempting to coat the second 

30 side of a coated fluid permeable block 20, such as that shown in Fig. 2, without the 
apertures 34. 
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Object of the Invention 

It is an object of the present invention to substantially overcome, or at least 
ameliorate, some of the above difficulties with the prior art and, in particular, to 
provide methods of forming articles having at least one shape defining fluid 
impervious interior members and at least one external skin. 

Summary of the Invention 

Accordingly, in a first aspect, the present invention discloses a method of forming an 
article having load bearing capabilities from at least one shape defining fluid 
impermeable interior member and at least one external skin, said method comprising 
the steps of: 

1. heating a thermoformable sheet intended to form the external skin, 

2. disposing a major surface of the member(s) at an inclined angle to the 

sheet, 

3. moving said heated sheet relative to said member(s) to bring the heated 
sheet into substantially point or line contact with the surface of the member(s), 

4. applying a fluid pressure differential between the side of said sheet 
remote from the members) and the other side of the sheet remote from said sheet and 
continuing the relative movement between the sheet and the member(s), to 
progressively move the point or line contact front between the sheet and the 
member(s) across the surface thereby expelling any gas present between the sheet and 
the surface of the member(s) and conforming the sheet to the shape of the members) 
and mutually engaging the sheet and the member(s),and 

5. maintaining said fluid pressure differential until said thermoformable 
sheet has cooled, whereupon tehsional forces arise in the sheet in all directions. 

In an embodiment, the major surface(s) of the member(s) is/are disposed at 
approximately 90° to the sheet and the contact front moves in a substantially vertical 
-direction-along the surface(s). In-a-variation of this-embodiment, when the member(s) 
has/have a pair of parallel or upwardly converging surfaces, the sheet is applied to 
both the surfaces simultaneously. 

In another embodiment, the surface is inclined at an angle less than 40°, most 
preferably about 20°. 



5006A 



4 



In a further embodiment, a contact finger is used to deform the heated sheet into a V 
or cone shape having an apex contacting the major surface(s) of the member(s) 
thereby dividing the sheet into two regions each disposed at the inclined angle to the 
surface of the interior member(s), whereby subsequent relative movement between the 
5 sheet and the surface progressively moves a contact front for each region of the sheet 
across the major surface(s). 

In a second aspect, the present invention discloses an apparatus for forming an article 
having load bearing capabilities from at least one shape defining fluid impermeable 
10 interior member and at least one external skin, said apparatus comprising:- 

a sheet holding device to hold a sheet of thermoformable plastics material at 
least a pair of opposite edges thereof; 

a former to hold and support the member(s) the sheet holding device and/or 
the former adapted to dispose a major surface of the member(s) at an inclined angle to 
15 the sheet; 

translation means to move the former relative to the sheet holding device to 
move the sheet and the surface together; 

heating means to heat a thermoformable plastic sheet held in said sheet 
holding device to at last partially soften said sheet; 
20 pressure differential means to create a pressure differential between the sheet 

and the members) to conform the sheet to the members), wherein the translation 
means move the heated sheet into substantially point or line contact the with major 
surface of the members) and thereafter progressively moves the point or line contact 
front between the sheet and the member(s) across the major surface thereby expelling 
25 any gas present between the sheet and the surface of the member(s); and 

maintaining said pressure differential until said thermoformable sheet has 
cooled, whereupon tensional forces arise in the sheet in all directions. 

In a third aspect, the present-invention-discloses^method of forming an article having 
30 load bearing capabilities from at least one shape defining fluid impervious interior 
member and at least one external skin, the method comprising the steps of:- 

1. heating a thermoformable sheet intended to form the external skin; 

2. moving the heated sheet relative to the member(s) to bring the heated 
sheet into contact with a major surface of the member(s); 
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3. applying a fluid pressure differential between the side of the sheet 
remote from the member(s) and the side of the member(s) remote from the sheet to 
conform the sheet to the shape of the member(s) and mutually engage the sheet and 
the members); 

5 4. piercing the member(s) with a tube terminating between the side of the 

sheet adjacent the member(s) and the major surface of the member(s) adjacent the 
sheet and applying a vacuum thereto to remove any gas present between the sheet and 
the member(s); and 

5. maintaining said pressure differential until said thermoformable sheet 
10 has cooled, whereby tensional forces arise in the sheet in all directions. 

Brief Description of the Drawings 

Preferred embodiments of the invention will now be described, by way of example 
only, with reference to the accompanying drawings in which; 
15 Fig. 1 is a cross-sectional view of a prior art method of forming an article from a fluid 
permeable member and an external skin; 

Fig. 2 is an inverted cross-sectional side view of the article formed in Fig. 1; 
Fig. 3 is an article shown in Fig. 2 being coated with a further external skin in 
accordance with the prior art method of Fig. 1; 
20 Fig. 4 is a cross-sectional side view of a prior art method of forming an article from a 
fluid impervious member and an external skin; 

Fig. 5 is a cross-sectional side view of the initial stages of a method of forming an 
article from a fluid impervious member and an external skin in accordance with a first 
embodiment of the invention; 
25 Fig. 6 is a cross-sectional side view of a subsequent stage of the method shown in 
Fig. 5; 

Fig. 7 is a cross-sectional inverted side view of the article formed in Figs. 5 and 6 
being coated with a further external coating in accordance with the method of Figs. 5 

and-6; 

30 Fig. 8 is a cross-sectional side view of the initial stages of a method of forming an 
article from a fluid impervious member and an external skin in accordance with a 
second embodiment of the invention; 

Fig. 9 is a cross-sectional side view of the article shown in Fig. 8 during the coating 
process; 
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Fig. 1 0 is a cross-sectional side view of the article shown in Fig. 8 after the coating 
process; 

Fig. 1 1 is a cross-sectional side view of the initial stages of a method of forming an 
article from a fluid member and an external skin in accordance with a third 
5 embodiment of the invention; and 

Fig. 12 is a. cross-sectional side view of the initial stage of a method of forming an 
article from a fluid impermeable member and an external skin in accordance with a 
fourth embodiment of the invention. 

10 Detailed Description of the Preferred' Embodiments 

Referring to Figs. 5 to 7, there is shown a method of forming an article having load 
bearing capabilities according to a first embodiment of the invention. Fig. 5 shows a 
block 40 of essentially fluid impermeable material, such as wood. The block 40 is 
placed above a base plate 22 which primarily functions to support the block 40 and 

15 has a series of small holes 24 therethrough. Overlying the block 40 is a first sheet 26 
of APET, the periphery of which is clamped by means of a peripheral clamp 28. 

The sheet 26 is heated by means of a heater (not shown but disclosed in the 
abovementioned specifications) until it is at least soft or plastically deformable and is 
20 then moved relative to the block 40 whilst clamped by the clamp 28. The relative 
movement is accomplished by moving the clamp 28 downwardly in the direction of 
arrow C (as shown in Fig. 5) or moving the base plate 22 and block 40 upwardly in 
the direction of arrow D or both. 

25 As the sheet 26 and base plate 22 are drawn towards each other a pressure differential 
is created between the sheet 26, block 40 and base 22 drawing air or gas located from 
between sheet 26 and block 40 as to form the sheet 26 to the shape of the block 40. 

As best shown in Fig. 5, the side sur£aces-41-ofthe4jlock 40 are disposed at an angle 
30 of approximately 90 degrees to the sheet 26 and a two line contact fronts, each 

indicated as X, are formed between the (major) side surfaces 41 of the block 40 and 
the sheet 26. As the sheet clamp 28 is moved relative to the block 40, the fronts XX 
move in a substantially vertical direction along the side surfaces 41 of the block 40. 
The progressive movement of the contact fronts across the side surfaces 41 
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simultaneously expels any air present between the sheet 26 and the side surfaces 41 of 
the block 40 and then allows the sheet 26 to conform to the shape of the block 40. 
This air removal process advantageously obviates the need for the interior member to 
be fluid permeable, as air is not required to pass through same. 

5 

After the side surfaces 41 of the block 40 has been folly covered by the sheet 26, the 
pressure differential is maintained for a sufficient length of time for the sheet 26 to 
cool, or be cooled, and thereby adopt a final position which is conformed to the shape 
of the block 40. This binds the sheet 26 and the block 40 together and creates 
10 tensional forces in all directions of the sheet 26. 

After the release of the clamp 28, edges 42 of the sheet 26 are trimmed at the 
periphery of the block 40. In this embodiment it will be appreciated that the 
peripheral clamp 28 extends all the way around the periphery of the block 40 in order 
15 to provide an effective seal together with the base plate 22. 

Fig. 7 shows the product of the above process after trimming and inversion. The 
process is then repeated, as shown in Fig. 7, and the air between second sheet 46 and 
the block 40 is evacuated in a similar fashion to that previously described. 

20 

The process as shown in Fig. 7 can also be used with a permeable block, that has been 
rendered impermeable by coating, without requiring the apertures 34 described with 
reference to Fig. 3. 

25 The bubble 39 shown in Fig. 4 is not formed against the (minor) top surface 43 as the 
sheet 26 effectively makes instantaneous contact with all of the top surface 43. 
Further, the small surface area of the top surface 43 does not create the air current 
described with reference to Fig. 4. 

30 Figs. 8 to 10 show a similar process to that shown in Figs. 5 to 7 except a major 

surface 51 of a fluid impervious block 50 is inclined at an angle less than 40 degrees 
to the sheet. As the sheet 26 and base plate 22 are moved toward each other a line 
contact front, in this case indicated by YY, between the sheet 26 and the block.50 
progressively moves down the surface 51 of the block 50. This progressively expels 
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the air between the sheet 26 and the surface 51 and allows the sheet 26 to conform to 
the block 50. After release of the clamp 28, the edges 53 of the sheet are trimmed at 
the periphery of the block 50. The product can then be inverted and the process 
repeated as previously described. 

5 

Fig. 1 1 shows a similar process to that shown in Figs. 8 to 10 except a contact finger 
55 is used to deform the heated sheet 26 into a V or cone-shape having an apex 57 
contacting a major surface 62 of a fluid impervious block 60. This divides the sheet 
26 into two regions each disposed at an inclined angle to the major surface 62 of the 

1 0 block 60, each having a line contact front indicated by ZZ. The block 60, as in all of 
the other embodiments, is placed above a base plate 22 which primarily functions to 
support the block 60 and has a series of small holes 24 therethrough. Upon the 
application of a fluid pressure differential between the sheet 26 and the block 60 and 
relative movement between the sheet 26 and the surface 62, the contact fronts ZZ for 

1 5 each respective region of the sheet 26 progressively move across the surface 62. This 
expels air present between the sheet 26 and the surface 62 of the block 60 and allows 
the sheet 26 to conform to the shape of the block 60. The edges of the sheet (not 
shown) are then trimmed so as to have the same periphery as the block, the block is 
inverted and the process repeated. 

20 

Fig. 12 shows a method of forming an article having load bearing capabilities 
according to a further embodiment of the invention. As was described with reference 
to prior art Fig. 4, as the sheet 26 and base plate 22 are moved towards each other, and 
the pressure differential is applied, the air between the sheet 26 and top surface 61 is 

25 trapped between the edges of the block 60, because it is fluid impermeable, thereby 
creating a bubble-like space 65. To expel air and allow sheet 26 to conform to block 
60, a tube 70 is inserted through one of the holes 24 in base plate 22. The tube pierces 
the block 60 allowing fluid communication between either the major surfaces 60a and 
60b of the block 60. A vacuum is then applied to the tube 70 to remove the air 

30 present in the space 65 between the sheet 26 and the block 60 which allows the sheet 
26 to conform to the block 60. As with earlier embodiments, the pressure differential 
is maintained until the sheet 26 has cooled, thereby creating tensional forces in the 
sheet 26 in all directions. 
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The primary advantage of the invention is it extends the use of the Armacel process to 
relatively high strength, and fluid impervious, materials such as metal or wood. 

Although the invention has been described with reference to specific examples, it will 
be appreciated by those skilled in the art that the invention may be embodied in many 
other forms. 
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As pects of the Invention 

The following paragraphs define some aspects of the present invention: 
1 . .A method of forming an article having load bearing capabilities from at least 
one shape defining fluid impermeable interior member and at least one external skin, 
5 said method comprising the steps of:- 

1 . heating a thermofonnable sheet intended to form the external skin, 

2. disposing a major surface of the members) at an inclined angle to the 

sheet, 

3. moving said heated sheet relative to said member(s) to bring the heated 
10 sheet into substantially point or line contact with the surface of the member(s), 

4. applying a fluid pressure differential between the side of said sheet 
remote from the member(s) and the other side of the sheet remote from said sheet and 
continuing the relative movement between the sheet and the member(s), to 
progressively move the point or line contact front between the sheet and the 

1 5 member(s) across the surface thereby expelling any gas present between the sheet and 
the surface of the member(s) and conforming the sheet to the shape of the member(s) 
and mutually engaging the sheet and the member(s),and 

5. maintaining said fluid pressure differential untiL said thermofonnable 
sheet has cooled, whereupon tensional forces arise in the sheet in all directions. 

20 

2. The method as defined in paragraph 1 wherein the major surface(s) of the 
member(s) is/are disposed at approximately. 90° to the sheet and the contact front 
moves in a substantially vertical direction along the surface(s). 

25 3. The method as defined in paragraph 2 wherein the member(s) has/have a pair 
- of parallel or upwardly converging surfaces, and the sheet is applied to both the 
surfaces simultaneously. 

4. The method as defined in any one of paragraphs 1-3 wherein the surface is 
30 inclined at an angle less than 40°. *~ 

5. The method as defined in paragraph 4 wherein said angle is about 20°. 
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6. The method as defined in any one of paragraphs 1-5 wherein a contact finger 
is used to deform the heated sheet into a V or cone shape having an apex contacting 
the major surface(s) of the member(s) thereby dividing the sheet into two regions each 
disposed at the inclined angle to the surface of the interior member(s), whereby 

5 subsequent relative movement between the sheet and the surface progressively moves 
a contact front for each region of the sheet across the major surface(s). 

7. An apparatus for forming an article having load bearing capabilities from at 
least one shape defining fluid impermeable interior member and at least one external 

10 skin, said apparatus comprising:- 

a sheet holding device to hold a sheet of thermoformable plastics material at 
least a pair of opposite edges thereof; 

a former to hold and support the members) the sheet holding device and/or 
the former adapted to dispose a major surface of the member(s) at an inclined angle to 
15' the sheet; 

translation means to move the former relative to the sheet holding device to 
move the sheet and the surface together, 

heating means to heat a thermoformable plastic sheet held in said sheet 
holding device to at last partially soften said sheet; 
20 pressure differential means to create a pressure differential between the sheet 

and the member(s) to conform the sheet to the members), wherein the translation . 
means move the heated sheet into substantially point or line contact the with major 
surface of the member(s) and thereafter progressively moves the point or line contact 
front between the sheet and the member(s) across the major surface thereby expelling 
25 any gas present between the sheet and the surface of the member(s); and 

maintaining said pressure differential until said thermoformable sheet has 
cooled, whereupon tensional forces arise in the sheet in all directions. 

& A-method of forming an article having load bearing capabilities from at least 
30 one shape defining fluid impervious interior member and at least one external skin, 
the method comprising the steps of: . 

1 . heating a thermoformable sheet intended to form the external skin; 

2. moving the heated sheet relative to the member(s) to bring the heated 
sheet into contact with a major surface of the members); 
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3. applying a fluid pressure differential between the side of the sheet 
remote from the member(s) and the side of the member(s) remote from the sheet to 
conform the sheet to the shape of the member(s) and mutually engage the sheet and 
the member(s); 

5 4 . piercing the member(s) with a tube terminating between the side of the 

sheet adjacent the member(s) and the major surface of the member(s) adjacent the 
sheet and applying a vacuum thereto to remove any gas present between the sheet and 
the member(s); and 

5. maintaining said pressure differential until said thermoformable sheet 
10 has cooled, whereby tensional forces arise in the sheet in all directions. 

9. A method of forming an article having load bearing capabilities, said method 
being substantially as herein described with reference to Figs. 6-7 or Figs. 8-10 or 
Fig. 1 1 or Fig. 12 of the drawings. 

15 

10. Apparatus for forming an article having load bearing capabilities, said 
apparatus being substantially as herein described with reference to Figs. 6-7 or 
Figs. 8-10 or Fig. 1 1 or Fig. 12 of the drawings. 

20 Dated this 25 th day of June 2003 



ARMACEL PTY LIMITED 

25 By 

FRASER OLD & SOHN 

Patent Attorneys for the Applicant 
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